Abstract. Depression is a common mental health disorder and is the leading cause of disability worldwide. Gastrodia elata (G. elata) was demonstrated to exhibit a neuroprotective effect in the authors' previous study. The present study investigated the effect of polysaccharides from G. elata (GEP) on PC12 cell apoptosis induced by corticosterone (CORT) and its possible underlying mechanisms. PC12 cells were treated with 200 µM CORT in the absence or presence of different concentrations of GEP for 48 h. Then, cell viability was measured by CCK-8 assay. The lactate dehydrogenase (LDH) leakage was quantified using an LDH assay kit. The apoptosis degree of the PC12 cells and the morphology was measured by DAPI staining. Subsequently, intracellular ROS level was detected by using DCFH-DA method, the morphology staining of the endoplasmic reticulum in PC12 cells was determined using the cationic probe, and levels of five proteins involved in apoptosis, i.e., glucose-regulated protein, 78k Da (GRP78), X-box binding protein 1 (XBP-1), growth arrest-and DNA damage-inducible gene 153 (GADD153), caspase 9 and caspase 12 were determined by western blotting. The results demonstrated that treatment with 1,000 µg/ml GEP prior to 200 µM CORT exposure significantly protected the PC12 cells from CORT-induced cell apoptosis, and reduced levels of LDH leakage and intracellular reactive oxygen species. In addition, pretreatment with GEP inhibited the activation of GRP78, X-BP-1, GADD153, caspase 9 and caspase 12. These findings suggested that GEP exhibited a neuroprotective effect against CORT-induced apoptosis in PC12 cells, and the underlying molecular mechanisms were dependent on inhibition of the endoplasmic reticulum stress-mediated pathway. This provides novel insight into the effect of GEP when used for the treatment of diseases of the nervous system.
Introduction
Depression, is a mental health disorder characterized by pervasive and persistent low mood, frequently occurring alongside self-abasement and loss of interest in social contact, which can adversely affect an individuals normal life (1) (2) (3) . Globally, >300,000,000 individuals of all ages suffer from depression (4). Depression is a major contributor to the overall global burden of diseases. However, owing to its unknown pathogenesis and complex pathogenic factors, the therapeutic efficacy of the classical antidepressants used in clinical practice to treat depression is not ideal. Therefore, novel antidepressants with the desired effect and superior levels of toleration are required.
Gastrodia elata (G. elata), known as 'Tian Ma' in Chinese, is a saprophytic perennial herb, which is widely used in traditional Chinese medicine and cuisine. Medically, it has been used to treat a variety of nervous and cerebrovascular diseases, including headache, dizziness, tetanus and epilepsy (5) . In neurological investigations, gastrodin, one of major active components of G. elata, was reported to have a protective effect against 1-methyl-4-phenylpyridinium-induced cytotoxicity in human dopaminergic SH-SY5Y cells (6) . The polysaccharides of G. elata (GEP), as the major active components in G. elata (7) , have been demonstrated to exert several pharmacological effects, including reducing hypertension and improving serum lipid levels (8) , and exhibiting anti-dengue virus bioactivities (9) . In addition, the extraction rate of GEP reached ~8.58% in our previous experiment, and the antidepressant-like activity of a G. elata ethanol extract in mice was observed (10) . Although current understanding of how polysaccharides isolated from G. elata may exert a pharmacological neuroprotective effect, investigations on the neuroprotective effects and underlying mechanism of GEP have been limited.
PC12 cells, a cell line with typical neuron characteristics and which generates a high level of glucocorticoid receptors, have been used as a useful model to simulate the state of glucocorticoid damage on hippocampal neurons when treated with high concentrations of corticosterone (CORT) (11) . In addition,
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CORT is the major rodent glucocorticoid, and exposure to continued high CORT concentrations can cause lymphocyte, cortex and hippocampal nerve cell damage (12) , which can be reversed by antidepressants. There is also sufficient evidence to suggest that a drug possessing the ability to reverse CORT-induced neurotoxicity may have a possible therapeutic potential in preventing or treating major depression (13) .
In previous years, several experimental and clinical data have provided support for the hypothesis that dysregulation of the hypothalamus-pituitary-adrenal (HPA) axis is involved in the pathogenesis of depression (14, 15) . It is usually acknowledged that the HPA axis is activated in response to stress, which results in the increased concentrations of glucocorticoids in the circulating blood (16) .
Multiple molecular mechanisms are involved in CORT-induced cell apoptosis, including the mitochondrial apoptotic pathway (17) , extracellular signal-regulated kinase (ERK)1/2 pathway (18), phosphoinositide 3-kinase (PI3K)/Akt signaling pathway (19, 20) and endoplasmic reticulum (ER) stress-mediated pathway (21) . Additionally, on the basis of our previous study, the incubation of PC12 cells with CORT significantly upregulated [Ca 2+ ] concentrations (22) , which were bound up with the apoptotic signals generated at the ER (23) .
Oxidative stress is a hallmark of various neuropathological disorders, and the underlying mechanism in several neurodegenerative diseases and brain injuries, including Parkinson's disease (24), Alzheimer's disease (25, 26) , autism (27) , chronic fatigue syndrome (28) and depression (29) . Oxidative stress can cause base damage, which is predominantly indirect, and can cause strand breaks in DNA (30) . Persistent oxidative stress leads to reactive oxygen species (ROS) and reactive nitrogen species (RNS) formation. ROS and RNS exacerbate oxidative stress by attacking organelles, including mitochondria (31) .
ER is a multifunctional organelle and is a requisite in all cells, which can perform protein folding and calcium storage. As cells maintain homeostasis, when cellular homeostasis has been disrupted, a series of signaling pathways are activated to rebalance the cellular biochemical processes. Among all signaling pathways, unfolded proteins cause an unfolded protein response (UPR) as a stress response in the ER, which is also known as ER stress (32) .
In the present study, the neuroprotective effect of GEP against CORT-induced apoptosis was evaluated in PC12 cells, which possess typical neuron characteristics with high expression levels of glucocorticoid receptors, and discussed whether the neuroprotective effects of GEP were via inhibiting the oxidative stress and ER stress-mediated pathway. Isolation and purification of GEP. GEP was prepared as follows: 100 g dry G. elata tuber powder was extracted for 1 h three times with 95% ethanol at 70˚C. The extract was filtered using filter paper and the filtrate discarded. The filtered residue was immersed in water at a ratio of 1:30, and extraction was performed for 1 h three times in a water bath at 60˚C. The filtrate was then collected and concentrated to 200 ml as the final volume, following which it was precipitated with 600 ml of 95% ethanol (concentrated solution: 95% ethanol; 1:3). The precipitate was dissolved in 100 ml of water and deproteinized 7-8 times with Sevag reagent (chloroform: n-butanol; 5:1) until no protein was detected using an ultraviolet spectrophotometer. Following dialysis (molecular weight cut-off 1.0 kDa) against water for 24 h and lyophilization, crude polysaccharide was obtained. The yield of GEP was 8.58% (w/w). The purity of the crude polysaccharide was 97%.
Materials and methods
The crude polysaccharide was dissolved in distilled water at a concentration of 10 mg/ml and then fractionated using a Sephadex G-75 column (3.5x75 cm). Elution was performed with 0.15 M NaCl at a flow rate of 1 ml/min. The polysaccharide elution profile was determined using the phenol-sulfuric acid method, and the fractions (test tube nos. 40-53) containing polysaccharide were lyophilized to obtain the purified polysaccharide, referred to as GEP (33, 34) .
Cell culture and treatment. The PC12 cells were maintained in DMEM supplemented with penicillin (100 U/ml), streptomycin (100 µg/ml) and 10% FBS in a humidified atmosphere of 95% air and 5% CO 2 at 37˚C.
For all experiments, cells in the exponential phase of growth were used. CORT was dissolved in dimethyl sulphoxide, which had a final concentration of <0.1% (v/v). All manipulations were run in three duplicates for each treatment group in the experiment.
To examine the neuroprotective effect of GEP, the appropriate concentration of CORT was selected on the basis of Measurement of cell viability. The PC12 cells were seeded in a 96-well culture plate at 1x10 5 cells/ml. The cell viability was quantified using a CCK-8 kit according to the manufacturer's protocol. Briefly, 10 µl of CCK-8 solution (5 mg/ml) was added to each well of a 96-well plate and incubated for 1.5 h at 37˚C in the dark. The optical density value was measured at an absorption wavelength of 450 nm on a microplate reader. Cell viability is expressed as a percentage of the untreated control group.
Measurement of LDH release.
The cytotoxicity was determined by the release of LDH using a diagnostic kit according to the manufacturer's protocol. Briefly, following treatment, 2 ml of the culture supernatant in a 6-well plate was collected from each well and centrifuged at 1,000 x g for 5 min at 4˚C; following which another 2 ml culture was added into each well, and the cells crushed by ultrasound to free the LDH in the cells. The absorbance of each of the samples was measured at 490 nm with a microplate reader, and background absorbance from the culture medium, which was not used for any cell cultures, was subtracted from all absorbance measurements. Each experiment was performed three times. LDH release was defined as the ratio of LDH in the media to total LDH (LDH in the media and LDH in the cell) according to the following equation: LDH release (%) = (LDH activity in the media/total LDH activity) x 100%.
Measurement of intracellular ROS levels. ROS levels were measured using the DCFH-DA method. DCFH-DA is a non-fluorescent compound. It can be enzymatically converted to a highly fluorescent compound, DCF, in the presence of ROS. In brief, following treatment, the cells were washed with phosphate-buffered saline (PBS) and incubated with DCFH-DA at a final concentration of 10 µmol/l for 30 min at 37˚C in the dark. The fluorescence intensity was measured in a microplate reader at an excitation wavelength of 485 nm and an emission wavelength of 535 nm, following washing of the cells three times with PBS to remove extracellular DCFH-DA and adjustment of the cell number in the different groups consistently. The level of intracellular ROS was calculated as a percentage of that in the untreated control.
Assessment with Hoechst 33258 staining. Hoechst 33258 staining, which distinguishes apoptotic cells from normal cells based on nuclear chromatin condensation and fragmentation, was used for the qualitative and quantitative analyses of apoptotic cells in the present study. Following treatment, the cells on slides were fixed in stain-fixative overnight at 4˚C. The slides were then washed twice with PBS to remove the extra stain-fixative, following which the slides were incubated with 5 µg/ml Hoechst 33342 for 10 min, and then washed twice with PBS. Finally, the staining was visualized and images were captured using fluorescence microscopy. All the procedures were performed in the dark. The apoptotic nuclei were counted in at least 400 cells from three non-overlapping fields in each group, and expressed as a percentage of the total number of nuclei counted: Rate of apoptosis (%) = apoptotic cells/total cells x 100%.
ER morphology staining. The morphological staining of the ER in the PC12 cells was determined using the cationic probe, 3,3-dihexyloxacarbocyanine iodide, which can selectively accumulate together in the ER and present with green fluorescence (35, 36) . The PC12 cells were cultured in a 6-well plate and, at the end of treatment, the cells were washed with PBS three times, prior to being loaded with a carbocyanine staining solution of DiOC6 (3) at 37˚C for 15 min. Images were captured using a fluorescence microscope with excitation and emission wavelengths of 488 and 505 nm, respectively.
Western blot analysis. The PC12 cells were cultured in 6-well plates and treatments were performed as described above, following which the cells were harvested, washed once with PBS, and then lysed with cell lysis buffer containing 1% phenylmethylsulfonyl fluoride for 30 min at 4˚C, followed by centrifugation at 2,000 x g for 5 min at 4˚C. The concentration of protein was determined using a bicinchoninic acid protein assay. Equal quantities of protein (40 µg) were separated by electrophoresis with 15% sodium dodecyl sulfate polyacrylamide gels, followed by transfer onto nitrocellulose membranes. These membranes were incubated with 5% (w/v) non-fat milk powder in Tris-buffered saline containing 0.1% (v/v) Triton X-100 (TBST) for 1 h to block nonspecific binding sites. The membranes were then incubated overnight at 4˚C with the one of the following primary antibodies: Rabbit anti-GRP78 (1:1,000), rabbit anti-XBP-1 (1:1,000), rabbit anti-GADD153 (1:1,000), rabbit anti-caspase 9 (1:1,000) or rabbit anti-caspase 12 (1:1,000). Following washing three times with TBST, the membranes were incubated for 30 min at room temperature in the dark with the HRP-goat anti rabbit secondary antibodies (1:10,000). Following rewashing four times with TBST, the membranes were developed using enhanced chemiluminescence. Each independent experiment was performed three times. Western blot analysis was performed using AlphaEaseFC V.4 Software (ProteinSimple, San Jose, USA). Values were normalized to corresponding levels of GADPH and expressed as a percentage of the control value. The results are presented as the mean ± standard deviation.
Statistical analysis. Data were analyzed using SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA). Differences between groups were compared using one-way analysis of variance and the least significant difference test to determine whether the results were statistically significant. P≤0.05 was considered to indicate a statistically significant difference. All results are expressed as the mean ± standard deviation.
Results

Effect of GEP on PC12 cell viability determined using a CCK-8 assay.
The viability of the PC12 cells following exposure to GEP and CORT was determined using a CCK-8 assay. As shown in Fig. 1A , no significant changes were observed in the viability of cells treated with individual GEP at concentrations of 250, 500 and 1,000 µg/ml, whereas 1,500 µg/ml led to visible cell damage. Therefore, 250-1,000 µg/ml of GEP was selected for the subsequent experiments.
CORT gradually reduced cell viability as the concentration and treatment time increased (Fig. 1B) . When treated with 200 µM CORT for 48 h, cell viability decreased to 44.95±3.64%, therefore this concentration was used in the subsequent experiments.
Effect of GEP on CORT-induced PC12 cell viability determined using a CCK-8 assay.
The viability of PC12 cells following exposure to CORT was determined using a CCK-8 assay.
As shown in Fig. 1C , stimulation with 200 µM CORT alone resulted in a significant decrease in cell viability, compared with that in the control group. However, pretreatment with GEP at various concentrations (250, 500 and 1,000 µg/ml) in the presence of CORT led to a significant increase in cell survival rates to 53.05±7.76, 60.83±3.53 and 68.73±2.24%, respectively. These results demonstrated that GEP alleviate the toxic effect of CORT on PC12 cells.
Effect of GEP on CORT-induced LDH leakage in PC12
cells. An LDH assay was performed to investigate damage to cell membranes following CORT treatment. As shown in Fig. 2A , compared with control group, an increase in the level of LDH release was observed in the CORT-treated group (P<0.05). By contrast, pretreatment with GEP alleviated this effect, and the percentages of LDH release in the groups treated with 250, 500 and 1,000 µg/ml GEP were 42.33±0.04, 41.37±0.66 and 40.46±1.16% respectively. The 250 µg/ml pretreatment concentration reduced the release but without statistical significance. These data further indicated that GEP had a protective effect towards CORT-damaged PC12 cells. However, this method measures necrosis, which can occur in vitro sequentially to the induction of apoptosis or as a primary event (37) . The results of the present study showed that GEP alleviated the increase in LDH levels with minimal difference between each dose. According to literature, the release of the cytosolic LDH enzyme is used to evaluate membrane integrity, thereby indicating cell death by necrosis (38) . Therefore, it was suggested that the protective effect of GEP on PC12 cell membrane integrity was limited. Fig. 2B , the intracellular level of ROS in the CORT-treated group markedly increased to 304.30±6.72% of the control, which suggested that CORT induced oxidative stress. When the cells were pretreated with different concentrations of GEP (250, 500 and 1,000 µg/ml) in the presence of 200 µM CORT for 48 h, the level reduced significantly to 250.82±26.83, 205.60±2.41 and 136.13±3.37%, respectively.
Measurement of intracellular ROS levels. As shown in
Effect of GEP on CORT-induced apoptosis in PC12 cells, determined using Hoechst 33258 staining.
Hoechst 33258 is DNA-specific, and stains the condensed chromatin in apoptotic cells. Early apoptotic cells show an increased uptake of the vital DNA dye Hoechst 33342, compared with live cells due to changes in membrane permeability (39) . As shown in Fig. 3A -E, normal PC12 cells had a uniform soft fluorescence, were light blue in color, and had round nuclei with sharp edges. Treatment with CORT for 48 h led to cells exhibiting typical characteristics of apoptosis, including small, bright nuclei with irregular margins and apparent fluorescent debris as indicated by the red arrows. However, with GEP pretreatment, the cell nuclei appeared similar to those in the control, suggesting that GEP reduced the apoptotic effect of CORT.
Compared with the control group, the percentage of apoptotic nuclei in the CORT-treated cells was significantly increased, with apoptosis increased to 38.98±2.52% (P<0.05). However, pretreatment with GEP (250, 500 and 1,000 µg/ml) reduced the apoptotic rates to 31.60±1.14, 28.90±1.38 and 22.51±0.67%, respectively (P<0.05; Fig. 3 ).
Effect of GEP on CORT-induced ER stress in PC12 cells.
CORT treatment resulted in the reinforced assembling of 3,3-dihexyloxacarbocyanine iodide to the electronegative ER membrane to cause a significant increase in green fluorescence, compared with that in the control group (Fig. 4A-E) . GEP pretreatment reduced the green fluorescence comparatively. The results revealed that GEP markedly alleviated the ER stress induced by CORT.
Effect of GEP on ER stress-associated proteins.
In order to examine whether the CORT-induced apoptosis of PC12 cells is associated with ER stress, the present study analyzed the expression levels of GRP78, XBP-1, GADD153, caspase 9 and caspase 12, which are biomarkers of ER activation, using western blot analysis. As shown in Fig. 5A -E, the expression levels of GRP78, XBP-1, GADD153, caspase 9 and caspase 12 were significantly increased in the PC12 cells following incubation of the cells with 200 µM CORT. However, the upregulation of these biomarkers was attenuated by GEP pretreatment in a concentration-dependent manner. 
Discussion
The present study demonstrated that GEP exerted a protective effect against CORT-induced apoptosis in PC12 cells, which was confirmed using a CCK-8 assay and LDH detection, and from evidence that the PC12 cells underwent conformational changes through morphological observation and Hoechst 33258 staining. Therefore, GEP may offer potential to as a novel therapeutic agent in the treatment of depression.
In the present study, PC12 cells were used to establish a model of depression. The PC12 cell line has typical neuron characteristics and generates a high level of glucocorticoid receptors. Several other cell lines were also suitable for use; for example, SH-SY5Y, C6 and BV2 cell lines. The use of in vivo models of depression is also required in the future.
Based on previous studies, the association between ROS generation and cellular antioxidant systems determines whether cells are ultimately damaged, despite ROS being found in all living cells (40) . A number of previous studies suggested that glucocorticoid treatment had a negative effect on the survival of hippocampal cultures during oxidative stress, which was caused by generating superfluous ROS (41) . Mitochondrial ROS induce the activation of a large number of mitochondrial apoptotic proteins, leading to cell apoptosis and death (42) . In the nervous system, apoptosis can be activated in certain physiological and pathological conditions, and apoptotic cells have been found in the hippocampus of patients with depression (43) . Therefore, apoptosis in hippocampal neurons may be one of the pathogenetic factors involved in clinical depression. The results of the present study indicated that the PC12 cells treated with CORT generated excessive ROS combined with an increased apoptotic rate. However, GEP significantly reversed this effect by lowering the level of ROS.
ER stress has been demonstrated to be a significant potential connection between high levels of ROS and cell apoptosis. On the basis of our previous study, the incubation of PC12 cells with CORT was found to upregulate [Ca 2+ ] concentrations significantly (22) , which was bound up with apoptotic signals generated at the ER (23). It was also found that the upregulated concentration of [Ca 2+ ] was reduced by treatment with GEP (22) . In addition, alterations of intra-ER Ca 2+ led to the production of ER stress-induced ROS. In the present study, ER morphological staining revealed that treatment with CORT (200 µM) caused a significant increase in green fluorescence, compared with that in the control group, which indicated that CORT likely induced the ER stress in the PC12 cells. It is known that DiOC6 (3) can be a useful fluorescent dye for staining the ER. It is a positively charged molecule, which permeates through the plasma membrane. At low concentrations, it accumulates in mitochondria due to their large negative membrane potential. At higher concentrations, the dye stains other membranes, including the ER. In the present study on ER stress, DiOC6 (3) was selected to determine whether ER stress was activated as a qualitative trail. Considering that DiOC5 (3) is not a fluorochrome aimed at the ER, this may be a limitation in the present study and therefore, it was validated using western blot analysis. GEP pretreatment reduced green fluorescence comparatively, which indicated that ER stress may be involved in the neuroprotective effect of GEP against CORT-induced apoptosis. Therefore, the expression of ER stress-related proteins were measured to elucidate the underlying mechanism.
The UPR is now a well-characterized signaling pathway. In the canonical model of the UPR, UPR signaling is initiated by three major sensing molecules: PKR-like ER kinase (PERK), inositol-requiring 1α (IRE1α), and activating transcription factor-6α (ATF6α) (44) . The activation of IRE1α and ATF6α can lead to the induction of chaperones, including GRP78, which increase protein-folding capacity; the activation of PERK leads to a reduction in protein production (45) . In the course of this transfer, the activated IRE1 catalyzes the splicing of an unconventional intron from ubiquitously expressed XBP-1-unspliced, into the XBP-1-spliced isoform (46) . The XBP-1-spliced isoform is a transcription factor, which increases the protein folding capacity of the ER and turnover of misfolded proteins by inducing ER-resident chaperones (45) . Therefore, XBP-1-spliced is a key constituent of the UPR, which indicates that it is also a key constituent of ER stress. The continuous overproduction of XBP-1-spliced induces apoptosis (47) . C/EBP homologous protein (CHOP), also known as GADD153, is a transcription factor encoded by the DDIT3 gene (48) , which has been confirmed as one of the highest inducible genes during ER stress by microarray studies. Accumulated evidence suggests that the overexpression of CHOP, which is also a downstream target of XBP-1, can lead to enhanced oxidant injury and apoptosis (49) . An increased CHOP level is a significant mediator of ER stress-mediated cell death (50) . In the present study, significantly increased levels of XBP-1 and GADD153 were found in the CORT-induced injury PC12 cells, which, as mentioned above, are major apoptotic factors. Combined with the results of ROS measurement and ER morphological staining, the results indicated that CORT induced PC12 cell apoptosis by activating ER stress.
As mentioned above, in the canonical model, the intraluminal domains of these initiators, namely the amino termini of IRE1 and PERK, and the carboxyl terminus of ATF6, are bound by the chaperone GRP78 in the absence of stress and are rendered inactive (50, 51) . Following the activation of ER stress, it has been shown that the expression level of GRP78 is significantly enhanced (53, 53) . GRP78 is an abundant ER chaperone, which is crucial for ER function, acting as a master Figure 5 . Effects of GEP on expression levels of GRP78, XBP-1, GADD153, caspase 12 and caspase 9 in CORT-treated PC12 cells. Expression levels were assessed using western blot analysis, with data presented as the mean ± standard deviation (n=3). * P<0.05, compared with the control group; # P<0.05, compared with the CORT group. The groups comprised a control group, and groups of cells treated with 200 µM CORT, 200 µM CORT+250 µg/ml GEP, 200 µM CORT+500 µg/ml GEP, and 200 µM CORT+1,000 µg/ml GEP. Expression levels of (A) GRP78, (B) XBP-1, (C) GADD153, (D) caspase 12, and (E) caspase 9 were determined. All levels were relative to GAPDH. CORT, corticosterone; GEP, polysaccharides from Gastrodia elata; GRP78, glucose-regulated protein, 78 kDa; XBP-1, X-box binding protein 1; GADD153, growth arrest-and DNA damage-inducible gene 153. modulator of the UPR. In the present study, in addition to the significant PC12 cell apoptosis induced by CORT, the expression level of GRP78 was increased. However, pretreatment of the cells with GEP significantly reduced the expression of these proteins in a concentration-dependent manner. These results indicated that the neuroprotective effect of GEP against CORT-induced apoptosis was through inhibition of the ER stress apoptotic pathway.
In addition to these ER chaperone proteins, caspase 12 possesses the capability to activate caspase 9, subsequently initiating ER stress-induced apoptosis (54, 55) . In the present study, CORT activated caspases via excessive ER stress cleaving procaspase into active caspase 9, which in turn activated downstream caspase-cleavage, leading to apoptosis (56) . However, GEP pretreatment downregulated the expression of caspase 12, together with caspase 9.
It is known that GEP is a type of polysaccharide, which is a complex molecule with a high molecular weight. The concentration of GEP used in the present study was as high as 1,000 µg/ml, which was higher than any physiological concentration. This may be a limitation of the present study, however, three concentrations (250, 500 and 1,000 µg/ml) of GEP were used to show the neuroprotective effect of GEP. For future clinical application, further investigation is required.
Taken together, the above findings revealed that the neuroprotective effect of GEP occurred through inhibiting the oxidative stress and ER stress-mediated apoptotic pathways.
In conclusion, the results obtained from the in vitro model of depression showed that GEP, which partly reversed the pathological changes induced by CORT, was beneficial in the cytoprotection of neurons, as it may contribute to the attenuation of intracellular ROS and downregulation of the protein expression levels of GRP78, XBP-1, GADD153, caspase 12 and caspase 9 via inhibition of the ER stress-mediated pathway. The results of the present study suggested that the neuroprotective effect of GEP may be one of the available mechanisms underlying its antidepressant-like effects. These results indicate that further investigation of GEP is warranted, which may be a potential candidate in developing antidepressants.
